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. y 7^ - > L < ;7 7 - V ^ cfc o r U > IS 
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i> X X ;U ^ IC <t o T K » ^ ^ U ^ F CO 

<7) - 7i ^0 * 5St 5 * - tK K » ^ iir b . ^Tz^^ 
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7^ . r ^- ^- y T y y s' y ^ 

(dATP) > T:t4=v'^7y'>> 5'-H'J>fS 
( d G T P ) , r 4^ '> V > 5 ' - H y > ® 
{6CTP)^^UT:^=^y^^>'y 5'-Z';> 
K < cJ TT P ) T-(^5. RNA«0iS'<J7^U7f 

^ w > 7f / yy 5 ' -E g > S ( A T P ) . ^ 

7 y ->> 5'-E U >0J ( G T P ) . ->f-5> > 5'- 
£ U > BS ( C T P ) ^5 J: 1/ ^5 »J 5? > 5' -H U > K 
( U T P ) T' ^ ^ o 

D N A 3: n: R N A ^) ? O r 'J > J: f y A 
V > ig »^ Be 5IJ . K^) ? C 6 T g S n ^ 53 
-?1S«^3- Flt-r So D N A^fc»5R N A«7 
toa5?5 J:l/'J V^MiS. Il:A:»?i0^a€Jl^;S-r 

3^ t> U 7t f- F HH » tc m /I; X -T yu y 
t0 3i ^ F*?)Si^Mi7> 3'-7KSfi^ti, /njivT. 



a x /L/ r u Ji^P^ ^ n , ^ u x t- d u > ji^ 
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;SS^^^M'^^(c^Is^iL^3^n^T-.^^5^^ciATP5^^^ 
(Omo) ta IS. (c T , ^. n o 3 • :jc r 7 1 ^ c 

^ ni^) A. , -< > 4^ a ^ - 3 > IM CO J5 7 ft;5 J?s T- . 



??BgD3G2-858G3 (4) 

*7 V >t ^ A (c 6^ (/> T n ^ r > K J 'S: 
r-^^--(ladder]J /j^ 6 M ^ n „ 

15 S to fiB j^ij ii a- , i:('F ^0 SB (c n r 3i ^- 
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p?;7L/;:|-^K(d:&^i?n. ^UTDNAiI?<0{f2^> 
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^Jil^n^, D N A*crS-5^n^nco3!aiOffi>rj 
ft S > />5 ? n . ^ L/ r D N A CO 62 J^IJ , 

6 n ^T-' ;t - h ^ V ;f ^- ^ 7 /j^ 6 Jtt ^ n ^ , 
c CO V ;^ T A CO T' . Be ^ {« SiE 3r ^ CO ic }a -/S 
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D N A ^ ''c; ^5 n r U y K )^ ? n ^2> c ) cO ?IS t 
Vnif^. 4 ocoS'J/^ toSR5zlSi&?fti(c«ij(:; ceo 
^ n ^ , 4 ^ CO S iHfc 3< ;1 K to 1* CO 
1 O (0 ^> CO fi^n T tC d> t/^ T D N A ?K ^ ^ - If ci: 
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ScnSW. - Ai/:^-rAtC^)M:^^ffilS'r^/^> 
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7)- T y :^ ^) t} 7 4 : 5 4 6 3 I Sanger et 
a 1. . 197 7, P roc. Natl . Acad. Sci . U.S. A. 74:5/lS3](0 
rvx7t-=r-S/J JS^iSDN AKJlJi^^ffi["dldeox 
y^'chain termination DNA sequencing method]!* 
^tz. ^^ D N A r ^ ^ - /^ T V K JgfA 
?n^, -ES^D N A^iyiiOffl^iTiiKDtkWig-ffiffi 
^ D N A n< 'J ^- tf 
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^ > h InH^ <0 5 ' 5}^ ^ :^ U (-^ n W ^ e IT , 
^;tDNA4?'J;?«:7-tfco^uy C?[Klenow]7^ 
^^;^>h;(j^. DNA^'J:?<^-t"a)5*x4^yp(^7 
7 - f Sit ^ ?g ^ ^ ^ (c ffl 6 n & l:t ni^ 

-2)jg!tSi7:r1l!lCDt)CD^'>iONJg^X-^oXt))i^?i^)iS 

o^iKqsxJ^«$n^fc^^c03^^«^-!:x-©^« c 
nti. ?j<»j;<^-tfZ)^^->Sr5S51itc^o^xs^s 

iig7^*>(0X-^o /Co t^>^ - 6 (Sanger et al. ] 
gk:^>H^xs^^K^^x■t7*^^nfc^iStc, ^i^d) 

UytUb' 5'-H';>!& (dNTP) (0-?-^r (C 

n 5 o 1 o V g£ «i^ni;:(±/p32pxafiS$n 

,IC^(;^Xff?5:tJn^o 4^CDS*J^C0-('V4"-3.^- 

'> 3 > il ^1?3 « . ^ n ^ n /j^ 4 o <7) x 4-- 
^7 f-KS!iMi*<^ 1 0 05^$-. tA;x-gi3iazrn 

ffi(*t)(i-1?>DN A/-KU ^-tfiC5r*-r^»MX-« 
^<;. cntjs^tc, ^ s \c n n ^ n t \^ ± < 

a »Cf>H>XF?.;S§ D N A^J ?<D»ED€'. &^.X^^^ 
^X3o55o DN A5)?tO^^BQC0^n^-n«, (X 

ics^^ttsn. y;l/'al^j*s!)lCcfc:>x^^-<xlc^^ o 

gij^ ff)U->(C^)H>Xj)ffl3.n^c y;uo;t-h 



(2. 1. 3. V if A - ^A//^ - h [Haxain 

' -Gilbert] '^.) 

D N AS2 5iJi*S^DV>:?+t- A-4^;UA- f-fiti . 
it^fl^ffi5mS77ffiT-«« ( v^^+f A^if 

^) n 7 4 ; 5 6 0 [Haxafli and Gi Ibert, 1977, 
Proc. Natl. Acad, Sci. USA. 70:560] ) « 

(ffll^^S:*, [aliquotj)/^. 4 O O g'J ^ ^0 5 ISil 



;^ - -> .3 > T- CO 5E (0 a ^ « X Tl- - h ^ ;t ^ 

-C-(7)5(aSI^^Cr±{*f^ [in vivo] r;: , 

DNAK:^)M:^'S>S!/^Klgii&T-^?S-D^ia5©!*^ 
+f=3-e, 1984^. ^OV-i V 0 7iyvX 
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D N A ^ 1 o £D 1^ 1# H (1^) IC ^> IN T fifJ ^) ^ ^ 
t a o D N A Se ?iJ « . 1# 6 n ^ ?f - I- ^ V 7f -7 
A tc T iii T ^ ^ 5^ - [ I adder ] 6 «i ^ n 

( 2 . 1 . 4 . R N A^5^]?:^F) 
±25^rR N ABe5lJ5)«fr«9li> 5 ' 35 J; * «^ 

/^-U>a;->^. 1978^, ^^5^,,- 
2 7 5:561 [England and Uhlcnbeck, 1978. 
Nature 275:561 j), /iJ 14 <S 3? ^ , R N A (5 
fflSl^^fi^R N 7-tf ([RNase]. '>i'-n3<^V7- 
tf) ^/c W^t^Si€- ra 1^^X7-7 Vf-it^n^ 
D N A gfi JIJ a: S IpJ 1$ (C , 7f 'J If '>f 7t1 ^ U ;i 

^K<^iUai'^>-?-n^n(i, gfii^-n'; 7^ v;l/7^ 

K *C ^) (:t ^ '(^* B? mm a 0J tc c^: K) t^ f X (C 
;t-l>^>*^;7^A/)^5msS^n-2). 
±12 ic 5$ a: 12 ?|J ^ & C « f -5 < o /J> £D $ 

V^-i- 12(6) :6615~6628if5<:*: 
1/7/^^^X7*3. 1 9 8 4 ^. TO -^/--r 
•^f -/->^:^;^ 7:tiT^- ^X 
x>'>X 81:20 3 0-2034 [Zakour et 
al. . 1984, Nucleic Acids Research 12(6):8G15- 
6628 and Abarzua et a 1 . , 1984, Proc. Nat I . Acad. 
Sci .81:2030-2034 ] # II O C t „ > « 1 OCT) 
77 a W > ^ ^'b CCi D N A IS ^ * /c ^ !a 7. S! 

5a)x^ 0 A^offissi?i?e5?^D{fjgto^ -r x^sii^ 

b <: 1^ D N A X ± 0c ^ n ^ a; ^ ?*5;5 

tC« UXl§}SiiX^-2>5lf^gj5?[uniquc):^- 'J zf ? t:? 

M2<D^?i(i^3-h;u«5, 1980 XQ 

i/ ^ If j- 3 ;u 7" j'j T 

tTX tl-'fx>->x 7^X f 



T y \' :^ - h :tr 7 :^ V ^ JJL : 
5375-5379 (Short le et a I . . 1980, Proc. 
Matl. Acad. Sci. USA 77:537^5-5379] , D N A f> 

1^^}^ D N A SSE[iDi5-repair DMA synthesis]. 

^'(D^o /^ffiji^ [mis- incorporation] ^i^^fe-J 

^3*9 tCE(S«I^-?^SOr =i^'>U 3? ^ U:t->K 
( 1-^?j-)-Z >; >«Sfl;H*tf . «fMDNAU:ffl?i1 

-> K H U > (8 ^7) CD t ai T- . ^ ;t t y 

4; >^ 7 X - h n o b 6^ U4 /p 6 K 

D N A V ^ ^ - tf I ^ 5> t'^ 15 T 4 ON A U 

D N A 4< U -^-tf C J: »9 ^T? n^o CiO^ 
?jS g E tc 35 X . If zi - e [ZaKour et al.] 

^ 12(16):6615-6628 [1984, 
nucleic Acids Research 12( 16) :6S15-6628] ) 

OX 1 7 4 mm±(D^isbmR^ntc 2'D(om^^ 

^« g f -g) ^ iC , T 4 D N A '-K. ;^ ^ - tf 

5f cox -(gfpltl ([error-prone], '^K)fj^ht^) 
DN An<'J jBS?nffi^tCiS0^5tt$ 

(15 tc ffi 5 n e 

f 3 , ^m(Dmm] 

31 1 U ?i V^ . D N A ^ fc tt-R N A BS Ji] 1?^ S t -2> 

tz lif) oy^fi t - b y( - B y-^ m^^75 ra^ TTst 

I i R N A » ? 8M4 R W K ± /K ^ It ^S: 7 <^ 

tc ffl 5 n 1^ ^ c 
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Sl^n^iO^o 7 A;t/X 7 6 [Abarzua et aij 
( 1 974 . Proc. Nat I. Acad, SC 1. 81 : 2030-2034 )^ , 
C^-r/UJ^CD-aSJiaWDN A$. x J/ i »J 4^ 7 • 
a u X 4= V >^ 1/ 7 - if HI T- iw ft; ^ n 3' - 
t K n 4= '> ;u >tt ^iS ^ r ^ J$ W - M m D N A O ii 

M'i>t0^igEtC^ct4;[span]^fr-TT-. 7 - - > 

DNA^-ffll^S. C(^6^tfj<0)gl^«l§ UT t^^c 
fflSSSJi; ^ >^ V [jDls-Diatched] 2-^:t 

^iCtoT^^^n. D N A jg1g^^^-ica< c . 

^ - infidel itylkn-:;*; f:). 

^/^^^^^.[si.ngl.el^MifiSttTJt^^i/pi ^ U ;t 

D N A >J ,-»<~7' -1ztCcfe^y^-rv-0#g^ 
C^O^g, :&/3c«. 4 OOx:t=t= i/^ ^ U;t 

:t5/K 5'-z'^>a^. flg^j^s^ n^^e 1 O 

^ <v - SIS ^ n [primed] -MSI 3? ^7 U 
:t ^ K » ^ ^ 1 o CO fit u ;^ ^ - tf 

( [.tenit) I ate- directed enzyinej, JS^^u: $ n /c 

d ^^gt?^>OT-55^o Kf5*lt-id:, 7 ^ -< v - 

^0 3**^a>^)^6 13?^^7U;^-^KSlSr^lc^tc^^sb 
fc gMa T- - a SKKS »c ffl ffl ttx- ^ -a s CO ^ . 

'1? u > - f s 15 ig ^ « ic II rc n ^ «^ tc. 
ia?ian^c ytffaa'Stt^ uiSiti?ft«. ^mt(r^m 

o fz mi SEtt (0 33) 0 «> u: ffl ^^ 6 nis ^ ;5 , 



3. ^.hu^ ntc 1 0) J: ^ i> ^ ^ <7 I' f- ^} 
gJ/jQ? n;^ MSB {*;>*^S?^i9 Steffi n;c c 

b' X- ^ ^ IZ t ^ TP. t h <DT' ^ ^ o 

*SW<DiS2fiJt3feS.fiS«. ;t- h - 3 



r- , D N A ^ « R N A ^ r§ ;^ ^ « 0^ b S 
^e:<h^^v^T. D N ABgfijyjStcn LT±ffiK: 

T 1< ;^ ^ - if iC <fc T S I ^ n (3 ?5r C^ t) CD T- 
S o T C CO 7 ^7 U ;t ^ K IS a li K JiJ © t^ T M 

n ^ ( r ^ 43 ^ ^ is a is > ^ <7) s s ic ^5 c> T 3? 
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fi! P ^ as -r ^wOU T W . IS 31 ?i5 /JQ ? n 

^ u , ^ u T g2 a u , c n (c t) 7 ^7 1/ ^f- ^ h' 

Be 5IJ 93 «5 ifi ^ iS- &'5 tc ^ X ^ C ^ ^ 7 a ^ 
< o/j^cojiJ/S^-^ U T 0'' -g> : 

(b) Y X tC J; S /K U 3? ^7 U ;t ^ K CD J) il (g. 

(c) y;i/fiSil:?cKi A^'£vK^$ n-iT s Citi^^., 

ctC?C J; tC>itt^T^C t^. gg JIJ ;!r 3? 
t : ^5 J: t/ 

^ ffi to tc ^^ ^ c^ j5ij t:^ e n ^ C cb ^ , 



'p--\fizj:':>x&E^n^i^T''^^o. M^n^ 
8P ffi 15 ^ ^ o ^ n n ?5p f7 4:> n rc (c , 

IS/ID {$g/)^^7^'2), 

* S to c (73 ^ mm » tc T ffl o< 6 n ^ s i;5 
$ n 5> « , ± ffi O D N A S2 J5J ^ |?g b T 54! 

tT - h > - 3 > PlfigT^ »9 . 

ttzz}y\rj.-^-{z^oXhm^n\n^-b<Dx 

^ CO PII? (C T K 5ED C7) fie ?IJ CT) ^ n n CO 7 ^ u 

7^ ?- K >£• s/)Q -r ^ c t , ^ ni:' nco 31 u ?r K 

;()^ IR )i * n /c: C it ^ 51 f j[ 3r ^ i!) C iS ItJ ?g CD S ttS 
co;^^l^^rffi£?-r^C ^ j:^ V f comiMl^^iJ^ 



r 4 . nmo:>i^'S i 

m §d ?5 tc y ;u m a a ^ w t\^^^^ , 

;i /c R N A g2 5lJ(7)SIiia!|-5SWI£^l!:/iJcO /c6;)C0 

(4.1. ae^j?^g::) 
?E B/] fi2 5U ?A £ ?£ iJ? ff3 C ^ & tr t) 0 V 
30 5 o IS 51J ?^ 21 ^ n ^ $ - S ^ D N A $ fc J^- 

p< U K 7"-^ -Y V - T-je® [prime] ^n-g)^ 

aF5i2/)^-^:«fiD N A»?^T-^^iS^^, DMA 
S D N A /-f? »J 7 - if ^ /c D N A fit 11 
R N A 4^ ^ - f/?^fflt^ e n^f|.-5»„ 0f^f:^-m 
JHR N Af^7T-^^^6. ( T?5:4:)55 , 

;4- K 'C ^ t:^ ntd: ^ 5 ^ o \^ty'l^^^t'^e>. ^^^f 

U;t ^ Kt0^^7^^gS;;n5 . m^i-^. dATP, 
dTTP. dGTP^'2)0^iidCTP^?)0^rn?bv 

9 y it ^ V (om,^\^ tdi^ia^ n^Ho Jpi«^^ . 

ATP. UTP. GTP^'5>0^ttCTP^^0^3^n 

X)^ /pSp& tegs An ? n^yir. c n "SO'; ;k 3? ^ L/7^ 

K^i a (P] C -5 (C a T ^ T J« t 7 V > - 



R N Att?^t3-D N A U >^ 5 - f ) ;:r;/?3 6 n i.9 
•2) o 

S1?g^3tcmt;^ 6 n^Misri J: If .-K i; ^ - tf coil 
ic u T T ^- 7 ^ u >t ^- K yi)^ 'J ;rv >? 

- E ffl D N A ^> 7 T ^ ^ i^, £r . m 5 n -2) /-K y 
y ^ - t' D N A tSrf tt; 0 N A ?K U ^ ^ - f X-^ 

K (i X ^ '> y ^Tx 5J U 7^ K T ^ T- 35 & o 

~ OilflDN A/p/fic>en^lS£r, 

DN At(!c?^ttR N A?KU>< ^-t'r-^»5», C <0 

^ ^ c> T , ^ $ n ^ X i7 u p|- =^ K w u /r. 

-^J(?R N A ^>?T^^lg&, fD^^ e>n-&.1?'; 
^ - f a! Is ¥ if 5^ . T >i t) R N A tt* il 
D N A ?K <; ^ - tf T ^ f9 . C £^ tC ^? in T . 
/JD n 5 5i ^7 U ;t ^ K 1^ , X -1^ ^/ '^f 3C U 

i-X .h tc 5$ rc T D t (;j , Ji? 0) cfc ^ ic U T 7^ - 
5 IS S W ^ . 1 6 P ; wu T ^ff 'V' <* T- ^ 



t^^ 3 n ^j^^ aiji g£0 7 a - tr^Kf low-cel I J tpiz 

rc € . ^ ;c 5 n tts (0 tiS ffi iff 0) ^ S2 
$ n ^ c it >^ T ^ 2> c 

(4,2. fiii^>;[ii#^.fi^^p»-^:a) 



D N A ^ - tf T- ^ -2> , C ^ ^ IC 0^ T 

7h ^ K 'C J& l:^ n % 3 ^5: t^ o ^ 0> $ . » 
ISS R N A '-tC i; ;< ^ - t- ^ ffl T- ^ ^ 7 o ^ - 

;X^-1z) ^^CrUS^^D N Ai«^32;5i^fflt>'pnyc 

. iS/JD ^ n 5» ^ ^7 u tJ- ^- F . »J ^ ^7 u 
^ K T- ^ ^ a; s T ^ ^ o 2|s: ?E 0J3 ^0 - H fiS ® IS tC 55 
0^ T U . - S iC « - -3 ^ -r T Q 5^ ^7 Uvf 5^ K <0 
^/rg^lW^nSo dATP. dTTP. 

K o ig 6 gi ^ n o 1* (C . ATP, 
UTP, GTP^5)V^(dCTP^0^r^•rnA*;^^. 5 

15 iSDP ^ n -5 ^:)^ c n e n< ^ u ;t ^ k o 

3? C^ T « . - a IC 3 O $ r- (0 3^ ^7 U F 

^ ^ 0 
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^ 1/ ^ U -:7 - tf /J^ 6 g P5 7 ^ U ;t ^ F fla I5R 

ttio^at^ s^tsissi- Anen^o 

^^DNA^J7^^^^. DNAte??t4DNA?J^'; 
:?^^-tz ^ rc(^ DNA{jS?^iiR N A4<'/;^ 7- t 
;b>!flt^6n^?. ^ fc«S/j^-^.S3R N A»? T'^ 

)i^wmm (t^t>i5. RNAffi^^^4. 

+ 5^ ^7 L/ :t F ^ ^ CMi <; /-n 5? u Tj- ^ F 

DNAf)?T^^«|^, ffl0^5n^/-^^'^^^"1: 
its D N A ffi # D N A 4^ U ^ - f r- ^ 10 1^ > 

'ti 5< ^7 U TT ^ F T- ^ 'X* ^ T- ^ -5 o JQi Wl (C, m'^i 



4< U ^ - f 15 IS ^ e -r ^ <D tc 3ft ir> fl3 RS 
£Dp?^U:^^FS!rlEfltCD??S*fca^S^CTST 

ia9dti}Sffl*)cfcc;fi+a {3id>u7rf-FnuSB<*>bWji 

W ^ /c ft © ^ a S ^ n -2) n 5 Pfi ^ 

e fi^ a ;;Q J: n ^ n CO 51 u ;^ • ^ F ^0 ^) 

iswjstjen, ^uTSigc. sii4^2?n§/\- 
easofitiic^2>pi^u^^FttiTf?jtan^, 

iSlSi^ S tC tS/jQ ^ n ^ <D 5? ^7 U F , g 
JSS tc ^ * i'-f T ©ON T . S5 >c 7 - tf (c 



cfc f$ g r -g) m 6 g jE ^ n >i ^ U ^ ^ K 

T 35 ^ o . 3« ^ U 7f 5^ K , m^^V 

mi\i \i j3 M w ^ Be jij c ^>H^ T a ^ n ^ 5?- T- ^ 5 c 

* Fg 1^3 (C T ffl C> 3 n ^ ^ i> U ;f ^ K 



o ^;jo J; )B w ^ s PS Bf a i§ <o i$ . m 

S , S ^ T ffl ^ n 5» rti g © fiO 7 a - 

^ u t ^ (omiR^mw^ . siss'\^;j[i^nfc 

^ f -2) E5t3tD (0 3^ ^7 U 7t 5^ K 02 fIJ « ^ mmiZ^> 
7 □ t? ^ § 1 i: T ^ o 
CO T- ^ ^ o 

(4.3. fgi;S^fc-cl:t/fflfJcgi?^ ) 
K ^ n D N A ^ rcld; R N A IS ^ ^ 

5? PJ! k: ^3H> T ?ij ffl ? n ^ >; p( ^ - t: S IS ic i5 t:f 



5^B3B3 62-85863 Ol) 

0) ^ij^^m. 7- ^ ^ 7= yi- ^ :^ t w ( 1 - 

(73?J6r-^7t ^ y /Tv;^ 7 i - h u t JSj^^ $ n 
^ « b U ft 6 K /Tx :^ 7 a jc - MS g U , 
xj/iy^:? ' =i'jDNA'-KU><'^-1fIt)U< 
tdiT4 DNA;J<U:^^-i?c03'-^5*X4=V5ii:' 

± U rc C T □ 1? ;^ Id; . "F O J: <C U T 
h;<-5/a >-fb3ni^^, SKIS 

^'K^T-^^p j5)5^u$/c. tbo/^uy^gu 



6 fe5 ^ « ^ ^ ^ ('MS IS r- ^ t) 1^ ^ c »in 10 

;j? y ^ - tf ^ J: t/ fS tt it ^ ^ U :t f • K Si S6 CO 

mv^5n^7'^-fv-^d;. DNA. rna^/^c^ 

tf D N A ft # 'J > ^ T tf T- ^ ^ ^ ^ r ^ -5 , 
DNAISr^tl DN A?K'J >i ^-ii/^fflO^Sn^VS 
6 . T ^ 4^ U ^ U 7|- f - K mf S IS iC 

v>xn]o>6n^x-^adc src, DNA.ffi^^tt 
R N A ?K 'J ^ - if , S f5 tc T ffl 5 n * 

Z)^Ufttf5. ffi5iJi*S?n^A:SJfl;tnRNAT^ 
raoN5n^.KU;?< 7.-t*(;JRNAffi?5^Hi 
D N A ^ - t' r 35-5 a: ^ X- . c o in S tc 
t^ T IS T 4^ •> 'f^ 3? U 7f ^ K fiuBBI*' 5 IS tc 



>( Art 



J:^t. /-J^ U ;^ ^ - -tf « . 7 □ t - 5^ - =& SiJ l> , 

^ m R N A <D ic ¥ ^ pa :r ^ ^ ^ ^' ^ 

3^ U ;t ^ h* T ^ ^ o 

n o ® ^ ic ^) o^ T t) s ffl o> 6 n ^ /-K 

^g**r^ST-^*o x-> X 'J 4^ 7 • n ij D N A 
/K U ^ - tf I £0 a % o> < c> Q 4^ y ;)C ^ - t" 

^n^o 5•-3•I4^y7^'U7-■tf?Stttc^?^r^T 
ig tr> /-K 'J ;^ ^ - 1' © - {^iJ « ^ X 5> I 4= 7 * □ 
DNA^K';;?^^-fIC0^7uyO7^^;><>hT- 
35 ^» 2K?SP^co3l6g»c0t^^Tfflc^ 5ni^^^i0ii!J 



^ - if ^ « ^> <fc ^ ic Jfl o^ 3 n ^i?^ „ ci CD I! M 
:t ^ K b5 rM*t^ ii ^ 5 ^ O IC 3t^^ T' ^ ^ . 

7 ^ V - jgE) a n /c M 3? ^- rc .-K y ^ ^ - f ^ 
{l!2^0*/J6i?^<*^-^>^^ T . ?K ;^ ^ - t? ^ /c u r 

if El S lb ^ n rc S . ffi □ /wu y (c rifl n ^ n 



CO /*n tf (c . A M V ifti ^ , X V X 

U 4= 7 • 3 i; R N A 'J ^ ^ - t: ^? t/ /JN S Mi 
R N A ;K ;^ - f II S S n ^ 6 IC Rg 

^0 ftf ^ o c^ ^ jtfB (c ^^ t « . §' S « 1 ^ 

U y h ;U tX T ^ t ^ T- ^ -2) c 

^ ^ - tf ^ J; Q'fiISS n-S) <fc 5 c 

Uvf K ^ £ -r ^ ^ (S?) ffl 0^ 6 ni^^ g a CD 
^ cfc »c g5 iit.a n -5 o ffi □ « > ^ n^f^ (0 r?g w 

rc7'J y h ffrit]CD?Lti«. -f^ t D N A <fc 
IC ?5 C /J\ a t> 0 T 35 ^ C CD ^- i :r -5) o 

tC}gW'5:tf-i'X<D^)? h ^ y rimolecular trap) 
;tj^^^o ^cDh^r'T^iiUTCDySncOoiffTtC 

K 6j <»: JCi^ fS ^ ^ }5i ')§ 1 r ^ o 

(Sig ^ »c ^ t:f ^ n ^ n CO CD f55 $!) ^ 

xhD-t;uD-:;^j^rctil5^Mtyua-7v£Oj: 
^ ^ S CD ?F tl 1^ M fi| 6 ffi /iSc a nil! <^ „ 

(4.4. si5tiis»*i»cgs;jnan^7^' u;j-^K 
ISjj CD j;^ ) 

f,if CO ■? M lei U (ft fS W g a n ^ 5 JC 151 05 
ic 3S tT a n ^ a: ^ x- 55 o IS IB CD t n ^ n C73 © 



;:)^S.J!)D^n. ^UTJStaSif ^£Di8ffl/^d ATP 
l-oommt ^ TAJ 3?::'U?f5^K/)^fiSJi^^n/i: 

a; 8 3? ^ U Tl- 5^ F »5 Se «c W , d T T P T ^ ^ „ 
t;t o T . 0^ < o 0) r 7 V - J^>i> ^ rc 5 S 0 <D 
7 ^ u 7^ ^ F r T J ^ TM* K o T t> o ^ n (0 

J; »9 2 3^ ^ F^SSt^Jl^^ dTTPCOSS 

^ U :t ^ F /c 5fl ^r^ T- ^ ^ J: 5 S US ^ -ti ^ T- 

(^CdATPO^«D^i}^S'rc<!:lCJ::) 
T . Ji^g O ffj tC 53 T DE 5 n ^ C t T- ^ ^ o 

$ R nfl (D D N A ffi £ -r ^ rc ft ^ CD 

D'll 5? is tb^^ T . 31 ^ U :t f- F fiS SB W 

a . ^ 'v* T CO 7 ^ -< V - * IB] U ffi ^ tc S g 
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6i)C7)3i ^ U;t F(55ffif*(0. ^ n n 00 iS J!;fl r 

P5 ?g ^ IS /;n ^ n ^ )a t!J 3? ^ U ;t I' 1$ ^ 

is € IJG 5: 1! -g) rc ft , 7 ^ ^ V - j[g i: fi-^ 
ci; < m ^ n ;c ® IS X)^ 3 - S' @ CO 3^ ^ U ;t ^ h' , 

^isp^?si*icas/ia^n$»tco3?^?u7ff*FiKja? 

^LfciS, - ^3? U:tf-FSLrSgit/)W*SLrcr^ 

& . "(i B O M f? T- , -115 £0 3 O CO 3^ U :t f- F <0 

y -Y X th ^ tC i5 iO t o S a . S ffi u 

^Sc^j^^/Lxptf^FcosJajtcjzs^TKiE^n^o 
C CO T P t: . /> R2?J Xj^ if 6 n 5 ^ t 5^;^^ 

T 6 n /c Bg 511 r A T G C T A J T ^ ^ 

( 4 . 4 -, 2 . ^fe?^§^f^^^^ ^4r/jg > 
0 N A $ U R N A » 32 CO 152 ?>J T- ^ ^ J^) 

^ . 3^ U ;t ^ F fiu 1^ ttv « , HI ^ * IK 5^iJ tc ^? t^ T 
3f? }0 S"!!] ^ a r X)^ o ^ ^ ?jI ^ -&.<o ?c 

B? PrS T- ^An 5 n -5 . 3t ^7 u ?t ^ Su tt w . 
S fiE »HC r s ^ n ^ 7 n t7 ^ A iC l:^ ^ J: 

fo, 3-::? ^T-co3^ 0 9'b'^^lmit^f^■^ sjcisad 

^ n ^ a: a- SB a o^ r . iE ^ (c 3g S t ^ iS s w 
r c J T a ^ . y? . 7 -:3 V - 33 <^. (J .tc 

-;7 - t"C0?g?filC « UT . dTTP^>J:l/dATP 

U/ciS. d CTP^O)@^6lj^a/)^^3 SScoffiSi^ 
T- (0 6 ^ % 7 ? ^ fc ft fC SfiJO $ n ^ c d C T 
P;b^i5/iianrc^§. dGTP. dATP^;J:U^d 
T T P (0 j^ij ^ a . . tS Ef ^ n ^ sua ^ T- CO 6 ;a 

^ <T 5 /c ft ic /jD a n,^ , 



^ o T . «; ;^ ^ - if /j^ 5^ ^ U ^ K nu.W{* ^ « 

7f K o fiO £0 M 03 iii a CD J?? (7) . 4? U ;^ ^ - 
t'i^mi-^ yy^^SiiPtt oxmiM^ti 

§o Lz/D^U^tfe^ ^©B^iST-. X^-fflfoltt/tC 

>^'y -if<oj:'^ ^rju-y V - T yc^m 

51? i* CD 1 ^ a it ?t (C ffl t> 6 n fc „ X ^ - fqi 14 .-K 
U ;?< ^7 -Iz tf'SlSgS;!)^ 5rkl&^ nfctS.- 9e?iJ&fiE 

^tlfiSIhigh-f idel ity] U $ - tf $-fS t^^ T ^ 
t:^ 6 n ^ o 

(4.5. g?iai»i*coiKi&$n?S:;:)^o rc3? ^? ut*- 

Iti m O ^ n A> ? ^ U :t K a (C 



?fBaH3 62-85863 (14) 
ffl o^ e n ^5 ^) „ i'iitiim^<D^]hs rif^j^^ o fc ?i 
u 7f ^- K ^ ^ /c <^ ic ffl 6 n ^ 0^ < o 0 

< 4 . 5 . 1 . ) 
2 5 4 nmco ffi g ^ /c « 2 5 0 - 2 8 0 nmco $g la T' ) 

gl^r ^ PA^ :^ 9- b' m^^iC flStlht^ ntci)^ iS fy^ 
TfktHt/y^X'B^. J:»P»U<f^. fi ?f2 (7) US >fe 

^ ^ K a tt: T^J^S g :r -fs :^ :t IS nt3 ic K 



5^ K iJS Jli S it t ^) C iit C> &S ^ n . ^ U T ta 

^m(OMfy^^ ^2iliCi5H^Ti!Sft^u:iF^n^. 
If. S fi^ (c . W 1^ ^ fnl fi^ t¥ i: o^ T fT $ n 

2 5 4niDcr)2i!£gT-B+jfnjcFni^^c ^n^^ncci^^ 

U 'C, ?S tii t?3 ?i )t ^ S ^ <D S /J^ 5 (0 
^ U 7f =5^ K Hu J!E 1* C ^ 5 tt Sc S 05 IR S 7t T' U 



•t h ? n 5^ -5 , 

(4. 5. 2. ntzmmt^(D^^iru) 

^ L/ K . ^^P . t U <-ii 

35s* ( 3 - X ^ ^> 5^ - ) . tfz\i '^^U ( r - X 

V ^b r£ { ffij ?l If . :/J ^ y) - - ^ a - ^ - :^ 9 > 
5^ - > * I;! > U 3 > > T w > :7 
ni 0^ /c K [3 tc cJ: o T ig- ti 5 o IBI <$ tC > V 

jg fi ini] £ , m lis tci3 e n -5 -5 > ^ :o 0 > 
" ic o T {jj a ^ n St a 3 nif ^ o 



(4.5.3 . ^^{b^^ft^j^;>J3 ) 

m%it^ti^i^^^^^> ffi <k ^ /c s 7t ^ ij; S t:f 
^ t$ it »: t'^ T 7 □ - 1 /u^ <S W ^ ^ ^ 5S ffl 
(4.5.4 mm^\^%\\) 



?$RSflS62-858G3 (15) 
7 a - f - h y> ^ 4 H tc ^ n ^ „ 4 ^ tc 

?j<> 7" ^> ci: a- 5^ ^ 5ta >s (ci£ $ n fc ^ 5 11 

J:t/[iAg«, a2t^igilfiM 
15 T' S n T a ^ ^ A ^ a It -r ^ "(^) /if to 6 n fc 
( 5. ^/j^«^J : 7^ ^) zs 7^ <7 u 7t ^ b'^mcp^k^ ) 
h JI^0c^ nfcM T 3 M D 1 0 DNAf^2 0 0 

/^ji MPS nfcsig?L^®L*T. nmtsntzo 



l: a/^-i/ 3 ><^lg, ?,^ailSO0 D254 (OSS^O) 
l^mi^. dGTPCDO. 0 7nn)ol^nKJZ^SnfcC 
.h-^.TxOrc. d GT PT'COigjDW^-r V + i^^- 

ia $'J ^ d C T P <t CO S (5 ^> J: 1/ ?}St i±J ?S CD 0 D 25/1 
dCTP^OO. 16ninoI<D{Cij^ 

M S 5 n . 

7' ^ -f V - Sff W . 1 O CO G tC J; o T , Ifu T 

IK J I ^ C G G T- -5 C <i: ft> m Sffl n fc 0 
^ A ) 

WTcoEfijyiSr □ ^7 5> A^c^il^T , r s e Q J 

t-b^f-yC^ Man fc - - Mi!P(D3S 

)R ^ 55 »] tC ^ 7u 5 n ^ c ^ - h V 7 jS }R iS 



s , o^ < o CD i« 3X7^ }i u is tC 17 ^ T- ^ § o 

;t - h -7 ^ y ^ ?7 55 t'^ T , (Si K / T W ^ 

^UT^I-'^U-^i-tC.fcoT^M^n?!!^: (1) 

< 2 ) i5)!8^?i£. { 3 ) Si;5riSiS ( )g 
^NSO). { 4 ) S[Sffi'\CD?^SIjR?rn1. ( 5 ) /X 

^ ® S . A - i^- □ - r fP SSI a n » ^ c a :7 
y L{:iYKizracr=p L T W J ^ X :7 '7 7 h ? n ^ . 

<ft t ^ rc fi?) (c r - 7 T' -r ;u ^ Pnisa r ^ - ;^ . 
^ a ^ ^ t ^ :r -g) 0 r w J « »j ic . it A 



—41^ — 



IS S U r L A T J 7 o :7 ^ A Hf If ai ^ o 

FLAT J uis^i?)tc. ^Ln^^^m'^m'^ii^mi^s 

^UTiiAgs-SrSiy^iCt •> hT^o ^/J iC d A T P 
^ JiS 0 fi^WL/ T/J^ t h a n 5 0 ^) <fr 7 z' Y ;b 
r A J tf^. tC, ^ ?7 ^ ih'JifD t * C <i: . J; 1/ 

y= - \^ ^ c t mm t ^ rc \c \9u ^ n ^ o 

d A T P<0 7U " h ([aliquot]. fiS^f^jS 

) A ? n . r s E Q J (c ^ t> T {2 s a- n /;: 
(c © K / wi/ r . i;t fc 1 5/ h ^ n * o > 

m^jh^ti^SC o tzm & V. C £0 r - 7 -f 

J: S HK 3i ^/if ig C P T 0^ ^ , ffi i1 

iiu CO ^ )i ^ ^ o (c , a; a n ^ ijic o ^ 



?^R3n3 62-858S3 06) 
m flRiA ^ n ;i 53 1g 6 - S <D CO T ^ a o c 

}i 3: n /c is ^ (0 - f5 Pd m^jizm:}iit^-ic:t^h 
tze>t. r s E Q J r □ ^ A T 6 n 

fjf o^ T . py.mt \^ti-Ftn/^(Dyt 

BE5iJ*cfCl:H0. iSScOgs'/jnt^. a-^f-{Ccfc:>T 

Kt) ^ niz^m \z J: o z mm^ n)it> o yac^^ l 



BASIC: SEQ 

1 PRlNT"COPyRIGHT 1985 DR. ROBERT J.HEUHEDE'' 

2 FOR y^lTOTOO 
a NEXT y 

5 PRINT 4P/'C0PVRIG1IT 1 985 DR. ROBERT J.HELAH 

EDE" 
10 CLEAR 

12 A-0 

13 Z=0 

14 Q$»"0" 

15 PS="0" 

16 TS="0" 

17 IKPUT"1S THIS A MANUAL INJECT TEST RUN"TS 

18 IF rS-*'Y*' GOTO 30 

19 INPUT "00 you WISH TO ACTIVATE NO!SE 
ELIMINATION PROCESS"H$ 

20 IF N$="y"INPUT "HOW MANY BASES BEFORE 
NOISE ELIMlNAriON"N1 



30 PRINT "OATP^'ll DCTP^H DGTP = if3 DTTP=;4 

«ASH=#6 (S5)" 
40 PRINT "00 you WISH TO STEP THE VALVE?" 
50 INPUT S$ 

60 IF SS-"N" THEN GOTO 145 

70 IF SS="Y" THEN 80 

80 XCOH lOFF 

90 XCOH 20N 

100 FOR Y=1T0100 

110 NEXT Y 

120 XCOH 20FF 

130 XCOH ION. 

140 GOTO 40 

145 CLEAR 

150' PRINT "TO CHANGE THE DEFAULT VALUES ( ) 

or CONTROL VARIABLES" 
160 PRINT " ENTER Y FOLLOWED BY 

RETURN" 
165 PRINT 

170 INPUT "00 YOU WANT TO CHANGE THE WASH 
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riOWRATE (.5)'*y$ 
180 IF Y$="V" THEN GOTO 200 
190 IF YJ«"N" GOTO 220 

200 INPUT "ENTER THE NEW WASH FLOWRATE"W 
210 GOTO 230 
220 W = .5 

230 INPUT "DO YOU WANT TO CHANGE THE LOAD 

FLOWRATE (.2)"Y$ 
240 IF Y$="V" THEN GOTO 260 
250 IF Y$="N" THEN GOTO 280 
2B0 INPUT "ENTER THE NEW LOAD FLOWRATE^ 
265 GOSUB 3000 

269 CLEAR 

270 GOTO 290 
280 L=.2 

290 ]NPUT"DO YOU WANT TO CHANGE THE REACTION 

FLOWRATE (0)"Y$ 
300 IF YS="Y" THEN GOTO 320 
310 IF y$="N" THEN GOTO 340 
320 INPUT "ENTER NEW REACTION FLOWRATE"R 

THRESHOLD LIMITS?" 

482 A(n=20000 

483 A(2)=20000 

484 A(3)=20000 

485 A(4)=20000 

486 PRINT "ADENINE="A(1); 

487 PRINT "CYT0SINE="A(2): 

488 PRINT "GUANIKE="A(5) ; 

489 PRINT "THyHINE="A(4) ; 

490 INPUT YS 

495 IF Y5-"Y" THEN GOTO 510 
500 IF Y$="N" THEN 530 

510 PRINT "ENTER THE NEW AREA LIBIT FOR EACH 
BASE" 

512 INPUT "ADENINE"A(1) 
514 INPUT *'CYT0SINE"A(2) " 
516 INPUT "GUANINE"A(3) 
518 INPUT "THYHINE"A(4) 
520 CLEAR 
530 E1=3.5 
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330 GOTO 360 
340 R-0 

360 INPUT "00 YOU WANT TO CHAHCE TRAVEL TIME 

TO REACTOR (.47)"V$ 
370 IF YS="Y" THEN GOTO 390 
380 IF y$-"N" THEN GOTO 410 
390 INPUT "ENTER NEH TRAVEL T1HE"T 
400 GOTO 415 
410 T=.3 
415 T-T+.1 

420 INPUT"DO YOU WANT TO CHANGE THE REACTION 

TIHE?(1.5)"y4 
430 IF yS-"Y" THEN 450 
440 IF VS=*'H** THEN 470 
450 INPUT "EKTER NF« REACTION T!HE"I 
455 I=I+T 
460 GOTO 480 
470 1=1. 5+T 
475 CLEAR 

480 PRINT "DO YOU WANT TO CHANGE THE AREA 

535 PRINT "DO YOU WANT TO CHANGE THE RUN 

TJME";E1 
537 INPUT y$ 

539 IF Y$="N" THEN 550 

540 INPUT "ENTER NEW RUN TIME VALUE"f1 

541 PRINT 

542 PRINT "THIS VALUE WILL AUTOHATI CALLY BE 
ENTERED INTO" 

544 PRINT "ALL OF THE ANALYSIS AND INTEGRATI 
ON FILES" 

545 PRINT 

550 GOSUB 2000 
GOO CLEAR 
605 PRINT 

610 INPUT "00 YOU WANT A PRINTOUT OF THE 

OPERATION PARAHETERS?"Y$ 
620 IF Y$-'*Y" THEN GOTO 640 
630 IF Y$="N" THEN GOTO 710 
640 PRINT fiP,"LOAD FLOWRATE";L 
650 PRINT iP.-'WASH FLOWRATE";W 



660 PRINT IP/'REACTION F10WRAT£":P 

670 PRINT iP, "TRAVEL TIHE";T-.l 

680 PRINT flP, "REACTION TIHEM-T 

690 PRINT IP. "AREA THRESHOLD VALUES A/C/G/T" 

A(1):A(2);A(3);A(4) 
700 PRINT J(P/'RUN TIHE";E1 
710 INPUT "DO YOU WANT TO STftRT?"Y$ 
720 IF YS="N" THEN GOTO 710 
730 CHAIN"W" 

2000 PRINT KK. "LIST";"/l";"A" 

2010 PRINT «K,"V" 

2020 FOR y-1T05 

2030 PRINT JIK.CHRH9); 

2040 NEXT Y 

2050 PRINT «K,E1 

2060 PRINT fK,CHR$(27) ; 

2100 PRINT IK."LIST";"A";"B" 

2110 PRINT «K,"V" 

2120 FOR Y=1T05 

2130 PRINT IK,CHR$(9); 

2430 PRINT 8K.CHR$(9); 

2440 NEXT Y 

2450 PRINT tK. I+. 1 

2470 PRINT «K.CHR$(9); 

2480 PRINT 8K»E1 

2490 PRINT «K.CHRM27): 

2500 PRINT fiK, "LlST";"r';"S" 

25tO PRINT 8K/'V" 

2520 FOR y=lT012 

2530 PRINT HK.CHRSO) ; 

2540 NEXT Y 

2550 PRINT IIX.E1 

2560 PRINT IK,CHR$(27); 

2B00 PRINT SK, "LIST'*;*'r':"C" 

2610 PRINT «K,"V" 

2020 FOR Y-1T012 

2630 PRINT U.CHR$(9): 

2640 NEXT Y 

2650 PRINT «K.E1 

2660 PRINT fiK,ChR${273; 
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2140 NEXT Y 

2150 PRINT HK.El 

2160 PRINT ;K,CHRS(27); 

2200 PRINT »K/'L1ST":"A";"C" 

2210 PRINT «K, "V" 

2220 FOR Y-1T05 

2230 PRINT *K.CHRS(9): 

2240 NEXT Y 

2250 PRINT IK. El 

2260 PRINT «K.CHRS(27); 

2300 PRINT flK/*LIST";"A";"0" 

2310 PRINT IK."V" 

2320 FOR Y-1T05 

2330 PRINT flK.CHR$(9); 

2340 NEXT Y 

2350 PRINT «K,E1 

2360 PRINT «K.CHRS(27): 

2400 PRINT <K.''LIST":''r':"A" 

2410 PRINT IK/'V" 

2420 FOR Y=1T011 

2700 PRINT IK/'LIST";"r';"D*' 

2710 PRINT «K,"V" 

2720 FOR Y=1T012 

2730 PRINT JK.CHRSO): 

2740 NEXT Y 

2750 PRINT IK.Et 

2760 PRINT «K,CHfiS(27): 

2800 RETURN 

3000 PRINT IK,"L!ST";"A";*'A" 

3010 PRINT «K,"V" 

3020 FOR Y=1T03 

3030 PRINT tK.CHRJ(9); 

3040 NEXT Y 

3050 PRINT tK.L 

3060 PRINT iK.CHR$(27) ; 

3100 PRINT IK,"LIST";"A";"B" 

3110 PRINT IK."V" 

3120 FOR Y=1T03 

3130 PRINT IK,CHRS(9): 

3140 NEXT Y 



??B3Bg62-858G3 C19) 



3150 PRIWT SK.L 

3160 PRINT U.CHR$(27); 

3200 PRINT )iK."LIST":"A";"C" 

3210 PRINT «K/'V" 

3220 FOR y=1T03 

3230 PRINT iK.CHR$(9); 

32/10 NEXT Y 

3250 PRINT flK.L 

32S0 PRINT 8K,CHRi(27): 

3300 PRINT 3K,"LIST":"A^"D" 

3310 PRIMT IK,"V" 

3320 FOR Y=1T03 

3330 PRINT aK.CHRSO): 

3340 NEXT Y 

3350 PRINT 

3360 PRINT <K,CHR$(27): 
3400 RETURN 

BASIC; W 

1 COPYRIGHT 1985 DR.R0BE«T J.MEIAHEOE 



5 CLEAR 

10 PRINT IK."FL0M"W 

12 Ai="SEQUENCE" 

13 OPEN SD5.AS 

14 PRINT «DS. "START" 

15 CLOSE 805 
40 CHAIN "LAT" 

BASIC; LAT 

1 REM COPYRIGHT 1985 OR. ROBERT J^HELAHEOE" 

2 PRINT SK, "FLOWL 

3 FOR y=1T0500 

4 NEXT Y 

5 REH RESET INJECTOR TO LOAD 

6 XCOH 30FF,40N 

7 FOR Y=1T0100 

8 NEXT Y' 

n IF T$"Y"1NPUT"ENTER base IDENTIFICATION 

WHEN LOAOEO"&J 
13 IF T$"Y" GOTO 120 



15 FOR Y-1T0100 
20 NEXT Y 

25 REH SET ROTORY VALVE TO LOAD DATP 

30 XCOH 10FF.20H 

40 FOR Y=1T0100 

50 NEXT Y 

60 XCOH 20FF, ION 

100 FOR Y=1T010000 

110 NEXT Y 

119 REH SET LOAD FLOW RATE 

120 PRINT SK/TLOWn 
125 FOR Y=1T0100 
130 NEXT Y 

140 PRINT 8P. BS 
150 FOR Y^1T0200 
155 NEXT Y 

195 REH CALL UP CCH SUBROUTINE FOR ANALYSIS 
RUN 

200 PRINT ;K/'ANALYSE":'*A" 

204 REH USE RELAY TO PUSH START BUTTON 



205 PRINT 8K,CHRS(7) 

210 FOR Y=1T0100 

211 NEXT Y 

212 IF ELT(0)<.1 THEN 212 

214 REH INJECT OATP 

215 XCOH 40FF,30N 

216 REH SET REACTION TIME AND FLOWRATE 

217 IF ELT(0)<T THEN 217 

218 PRINT IK, "FLOWER 
220' IF ELT(0)<1 THEN 220 

221 IF TS="Y" GOTO 240 

222 FOR X=1T05 

223 XCOH 10FF,20N 

224 FOR X^ITOIOO 

225 NEXT Y 

225 XCOH 20FF,10N 

227 FOR y=1T0100 

228 NEXT y 

229 NEXT X 

230 REH LINES 222 TO 229JESET ROTORY VALVE 



TO WASH 
2/10 IF ELT(0)<I THEN 240 

245 REM WASH REACTOR FOR EVALUATION OF RUN 

250 PRINT IK/'FLOW"W 

260 ]F ELT(0)<E1 THEH 260 

262 FOR Y=1T0500 

263 NEXT y 

265 IF T$ = '*Y"CHAIN"W" 

259 REH READ DATA FILE FROM RUH 

270 A$-"AP" 

279 C1=0 

280 OPEN «D1,AS 

290 INPUT ID1,295,K,B.C 
292 C1=C+C1 

294 GOTO 290 

295 CLOSE «01 

297 REH DISPLAY RESULTS OH SREEN 

298 IF 2=0 THEN Z=1' 

300 PRINT Z; 

301 Z=20 



3.95 JF 2t<N1 GOTO dOO 

396 ZT=0 

397 0$-P$ 

400 If 0$-"C" THEN 402 

401 GOTO 410 
402- Q$ = 0 

403 CHAIJ< *^LBT" 

410 IF Q$="G" THEN 412 

411 GOTO 420 

412 QS=0 

413 CHAIN "LCT" 

420 IF QS="T" THEN 422 

421 GOTO 430 

422 QJ=0 

423 CHAIN "LOT" 

430 IF Q$="0" THEN 431 

431 CHAIN "LBT" 

BASIC: LBT 

1 REH COPYRIGHT 1955 DR. ROBERT J.HELAHEDE 
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302 PRINT CI ; 

303 PRINT "A"; 

304 PRINT V"; 

310 IF C1>A(1) THEN 395 

311 REH SAVES LAST RESULT AS 0$ 

312 Q$=P$ 

314 REH REDEFINES PSWfTH LATEST RESULTS 

315 P$ = '-A" 

319 REH SAVES SUCCESSFUL RUNS IN SEQUENCE 
DATA FILE 

320 SS="SEQU£NCE" 
330 OPEN fiD5,SJ 
340 PRINT « D5, "A" 
350 CLOSE SOS 

354 REH COUNTER FOR NOISE ELIMINATING ROUTIN 
£ 

355 2t=Z1+l 
390 CHAIN "LAT" 

394 REH RESETS NOISE COUNTER AND ELIHINATES 
CARRIED NOISE 



5 PRJMT JK, "FLOW'W 
10 XCOH 3OFF.40N 

15 FOR Y^ITOIOO 

16 NEXT Y 

19 REH SETS ROTORY VALVE TO LOAD DCTP 

20 FOR X«1T02 

30 XCOH 10FF,20N 

40 FOR Y-1T0100 

50 NEXT Y 

60 XCOH 20FF, ION 

70 FOR y^lTOlOO 

80 NEXT Y 

90 NEXT X 

100 FOR Y«1T010000 
110 NEXT y 

200 PRINT IK, ■•ANALySE";"B" 
205 PRINT i!K,CMR$(7)- 

210 FOR Y=1T0100 

211 NEXT Y 

212 IF ELT(0)<.1 THEN 212 



215 XCOH 40fF»30N 

217 IF ElT(0)<T THEN 217 

218 PRINT :K,"FL0W"R 

222 FOR X=1T04 

223 XCOH 10Ff,2ON 

224 FOR X=1TOtOO 

225 NEXT y 

226 XCOH 20Ff. ION 

227 FOR Y=1T0100 

228 NEXT Y 

229 NEXT X 

240 IF ELTfOXI THEN 240 
250 PRINT IK,"fLOW'*H 
260 IF £LTfO)<El THEN 260 
270 Bl="BP" 

279 C2=0 

280 OPEN ftD2. B$ 

nnn TuniiT *nn 9QC If 0 P 

292 C2=C*C2 

293 GOTO 290 



401 GOTO 410 

402 QS-0 

403 CHAIN ^^LAT" 

410 IF QS="G- THEN 412 

411 GOTO 420 

412 05=0 

413 CHAIN "LCT" 

420 IF QS="T" THEN 422 

421 GOTO 430 
422 

423 CHAIN "LOT" 

430 IF "0$^*'0'* THEN 431 

431 CHAIN "LCT" 

BASIC: LCT 

1 REH COPYRIGHT 1985 DR. ROBERT J.HELAHEDE 
5 PRINT *K/'FL0W"W 
10 XCOH 30FF,40N 
15 FOR YMTOlOO 
15 NEXT Y 
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295 CLOSE aD2 

298 IF Z=0 THEN Z=l 

300 PRINT 2; 

301 2=Z*1 

302 PRINT C2: 

303 PRINT "C"; 

304 PRINT "/"; 

310 IF C2>A(2) THEN 395 

312 Q$=P$ 

315 PJ="C" 

320 S$="SEOUENCE" 

330 OPEN JD5.S$ 

340 PRINT tD5/*C- 

350 CLOSE iDS 

355 Z1=Z1M 

390 CHAIN "LBT" 

395 IF 21<N1 GOTO 400 

396 Z1=0 

397 QJ-PS 

400 IF 0$="A" THEN 402 

19 REH SET ROTORY VAIVE TO LOAD DGrP 

20 FOR Y-H03 

30 XCOH 10FF,20N 

40 FOR Y-U0100 

50 NEXT Y 

60 XCOH 20FF, ION 

70 FOR Y=1T0100 

80 NEXT Y 

90 NEXT X 

100 FOR Y=1T010000 
110 NEXT Y 

200 PRINT SK."ANALYSE";"C" 
205 PRINI <K.CHR$(7) 

210 FOR Y=1T0100 

211 NEXT Y 

212 IF ELT(0)<. 1 THEN 212 
215 XCOH 40FF.30N 

217 IF ELT(0)<T THEN 217 

218 PRINT 5K/'FL0W"R 
220 If ELT.(0)<1 THEN 220 



222 fOR X=1T03 

223 XCOH 10FF.20H 

224 roil X = 1T0100 

225 MEXT Y 

226 XCOH 20FF, 10H 

227 FOR Y = n0100 

228 NEXT Y 

229 NEXT X 

240 IF ELT(0)<J THEN 240 
250 PRINT aK/'FLOW'*W 
260 IF ELT(0}<£1 THEN 260 
270 C$=''CP" 

279 C3=0 

280 OPEN JD3.CS 

290 INPUT 103.295. K.B.C 

292 C3=C+C3 

293 GOTO 290 
295 Close 403 

29B IF 2=0 THEN 2-1 
300 PRINT Z; 
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301 z=;.f 1 

302 PRINT C3: 

303 PRINT "G"; 

304 PRINT "/"; 

310 IF C3>A(3) THEN 395 

312 OS-P$ 

315 PS="G^' 

320 SS="SEOUENCE" 

330 OPEN SDS.SS 

340 PRINT 3D5. "G" 

350 CLOSE JD5 

355 Z1=210 

390 CHAIN "LCT" 

395 IF ZKNl GOTO 400 

396 Z1-0 

397 OS-P$ 

400 IF QS="A" THEN 402 

401 GOTO 410 

402 Q$=0 

403 CHAIN "LAT" 



410 IF OJ = '*C" THEN 412 

411 GOTO 420 

412 Q$=0 

413 CHAIN "IBT" 

420 IF «S="T" THEN 421 

421 Q$=0 

422 CHAIN "LOT" 

430 IF 0S = ''0': THEN 431 

431 CHAIN "LOT" 

BASIC: LOT 

1 REM COPYRIGHT 19B5 DR.ItOBERT J.HELAMEDE 
5 PRINT «K.TLOW"W 
10 XCOH 30FF.40N 

12 FOR Y=1T0100 

13 NEXT Y 

19 REM SET ROIORY VALVE TO LOAD DTTP 

20 FOR Y=1T04 

30 XCOH 10FF,20N 
40 FOR Y=1T0100 



50 NEXT Y 

60 XCOH 20FF. ION 

70 FOR Y-1T0100 

80 NEXT Y 

90 NEXT X 

100 FOR Y-1T01OO00 

no NEXT y 

20O PRINT iK."ANALYSE":"D" 
205 PRINT 5K.CHR$(7) 

210 FOR Y=1T0100 

211 NEXT y 

212 IF £LT(0)<. 1 THEN 212 
215 XCOH 40FF.30N 

217 IF ELT(0)<T THEN 217 

218 PRINT 8K."FL0W"R 

220 IF £LT(0)<1 THEN 220 

222 FOR X=1I02 

223 XCOH 10FF.20N 

224 FOR X=1T0100 

225 NEXT y 
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226 




310 


IF C4>A(d) THEK 395 


0 T 7 
LCI 




312 


OJ^PS 


0 0 n 
ceo 


M c Y r V 


315 


PS-"T*' 




n C. A 1 A 


320 


S$-"SE0UENCE" 


0 h(\ 
£ t| U 




330 


OPEN «D4«SS 


9 


PRINT SK "FlflW'W 


340 


PRINT 104, "T" 


9 R A 


TF F!Tffl^<F1 THFN 260 


350 


CLOSE tD4 


o 7 rt 


fi4 - " no " 


355 




O 7 O 


P /I - A 


390 


CHAIN "LOT" 


o o n 


Ur t n S U4 , Ul» 


395 


IF Z1<N1 GOTO 400 


290 


INPUT SD4, 29b, K. B, 


396 


7 1 =0 


292 


C4==C + C4 


m 7 


U * - r * 


293 


GOTO 290 


yt A A 
u u 


IF nt-"fl" THfM /Irt9 

jr ui- ft intn *iu£ 


295 


CLOSE 804 






.298 


IF Z*0 THEN Z=l 


ti U i 


u * - u 


300 


PRINT Z; 


403 


CHAIN lAT 


301 




410 


IF 0$-"C" THEN 412 


302 


PRINT C4; 


411 


GOTO 420 


303 


PRINT "T"; 


412 


QS'-O 


304 


PRINT V": 


413 


CHAIN "LBT" 



420 IF 0$="G" THEN 422 

421 GOTO 430 

422 0$=0 

423 CHAIN "ICT** 

430 IF Q$="0" THEN 431 

431 CHAIN "LAT" 

(6.2. gMsV1^?m'^^ ^-fer^5<:y ^Zx ) 
BASIC: HUT 

1 PR1NT"C0PYRIG!IT 1085 DR. ROBERT J.HELAHEOE" 

2 FOR Y-1TD100 

3 NEXT Y 

4 PRINT JP.^COPYRIGHI 1985 DR.RO&ERT J.HELAH 
EDE" 

5 CLEAR 

7 GOTO 5000 

9 CLEAR 

10 PRINT "TO USE THIS SITE SPECIFIC HUTAGENI 
SIS PROCEDURE" 



20 PRINT "YOU MUST FIRST ENTER THE DNA SEGUE 

NCE FROM THE" 
30 PRINT "PRIMER UP TO BUT NOT INCLUDING THE 

BASE VOU WISH TO" 
40 PRINT " CHANGE" 
50 PRINT 
110 OIH A(IOO) 

115 1NPUT"H0H MANY BASES TILL THE HUTATION"N 
118 PRINT^EHTER SEQUENCE AS A C G T FOLLOWED 

BY RETURN" 
120 FOR 1=1 TO N 
125 PRINT I; 
130 INPUT S$ 

140 IF SS-'^A" THEN A(I) = 1 
160 IF SS="C" THEN A(I)=2 
180 IF SS«*'G" THEN A(I)^3 
200 IF SS="T" THEN ft(I)=4 
215 NEXT 1 

219 CLEAR 

220 FOR IM TO N 
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225 PRINT I : 

230 IF rHt'N PfiJNf'A 

250 IF A(I)=2 JUH ?R]HJ"C 
2D5 IF A(I)=3 THEN PRnU"G "; 
2G0 JF A(I)-4 THEN PRINT"! 
310 NEXT y 
315 PRINT 

320 INPUT "ENTER Y FOLLOWED BV RETURN TO 

START"Y$ 
330 IF Y$-"y" THEN 340 
3/10 PRINT 
360 FOR i=lTON 
370 IF A(I)=1 THEN 390 
380 GOTO 700 
390 XCOH 30Fr.-10N 
/lOO FOR Y = 1T0500 
^10 NEXT Y 
^115 XCOH 10FF,20N 
420 fOR Y-lTOlOO 
430 NEXT Y 
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440 XCOH 20FF, ION 
4D0 FOR Y-1T0100 
4B0 NEXT Y 
470 XCOH 40FF,30N 
480 FOR Y-UOSOO 
490 NEXT y 
560 FOR Y=]T05 
570 XCOH 10FF,20N 
580 FOR y=1T0100 
590 NEXT y 
600 NEXT X 

■610 PRINT SK, "FLOW'f 
620 IF ELTfO)<T THEN 620 
630 PRINT 3K, "FLOWO 
640 IF ELTf0)<R THEN 640 
650 PRINT 4K. "FLOW'F 
660 IF ELT(D)<W THEN 660 

665 PRINT I; 

666 PRINT "A 

667 IF J-N THEN 2000 



570 NEXT I 
630 GOTO 370 

700 IF A(I)=2 THEN GOTO 720 

710 GOTO 1100 

720 XCOH 30FF.40H 

730 FOR Y=1T0500 

740 NEXT Y 

750 FOR X = U02 

760 XCOH 10FF,20N 

77,0 FOR Y = 1T0100 

780 NEXT Y 

790 XCOH 20FF. ION 

800 FOR Y=1T0100 

810 NEXT y 

820 NEXT X 

830 XCOH 40FF.30N 

840 FOR Y=1T0500 

850 NEXT Y 

860 FOR Y=1TD4 

870 XCOH 10FF.20H 



880 FOR V=1T0100 

890 NEXT Y 

900 XCOH 20FF, ION 

910 FOR y=iioioo 

920 NEXT Y 
930 NEXT X 

940 PRINT flK. "FLOW'F 
950 IF ELT(0)<T THEN 950 
960 PRINT 8K, "FLOW'O 
970 IF ELTf0)<R THEN 970 
980 PRINT :k, "FLOW'F 
990. IF ELT(0)<W THEN 990 

995 PRINT I; 

996 PRINT "C 

997 IF ]=N THEN 2000 
1000 NEXT I 

1010 GOTO 370 

nOO IF A(J)=3 THEN GOTO 1120 
1120 XCOH 30FF.40N 
1125 FOR y=lT0S00 



1130 NEXT y 
1140 FOR X=1T03 
1150 XCOH 10Fr,20N 
1160 FOR Y=ir0100 
1170 NEXT y 
1180 XCOH 20FF. ION 
1190 FOR y=1T0100 
1200 NEXT Y 
1210 NEXT X 
1220 XCOH 40FF,30N 
1230 FOR Y=1T0500 
1240 NEXT y 
1250 FOR Y=U03 
1260 XCOH 10Ff.20N 
1270 FOR Y=1T0100 
1260 NEXT Y 
1290 XCOH 20FF, ION 
1300 FOR Y==ir0100 
1310 NEXT Y 
1320 NEXT X 
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1330 PRINT ?K. "FLOW'r 
1340 IF £I.TfO)<T THFN 1340 
1350 PRINT flK/'FLOWO 
1360 IF ElT(0)<R THEN 1360 
1370 PRINT 8K,"FL0W"F 
1330 IF ELr(0)<W THEN 1380 
1385 PRINT 1: 
1385 PRINT "G 
1387 IF J-N THEN 2000 
1390 NEXT I 
1400 GOTO 370 

1500 IF A(I)M THEN GOTO 1520 

1510 GOTO 370 

1520 XCOH 30FF.40H 

1530 FOR Y=1T0500 

1540 NEXT y 

1550 FOR y-lT04 

1560 XCOH 10FF,20H 

1570 FOR y=lT0100 

1580 NEXT y 



1590 XCOH 20ff. 10N 

1600 FOR y=1T0100 

1610 NEXT Y 

1620 NEXT X 

1630 XCOH 40FF,30N 

1640 FOR Y=1T050O 

1650 NEXT Y 

1600 FOR Y-1T02 

1670 XCOH 10FF.20N 

1680 FOR Y=1T0100 

1690 NEXT Y 

1700 XCOH 20FF,10N 

1710 FOR Y=1T0100 

1720 NEXT y 

1730 NEXT X 

1740 PRINT «K."FLOW"F 

1750 IF ELT(0)<T THEN 1750 

1760 PRINT ^K/'FL0W"0 

1770 If ELT(0)<R THEN 1770 

1780 PRINT «K."FLOW"F 

—423 



1790 IF ELT(0)<W THEN 1790 

1795 PRINT 1: 

1796 PRINT "T 

1797 IF ]=N THEN 2000 
1800 NEXT I 

1810 GOTO 370 

2000 PRINT "SYNTHESIS IS NOW STO-PPED JUST 

BEFORE BASE TO BE" 
2010 PRINT " HUTATCD" 
2020 PRIKT 

2030 PRINT "INPUT 6 ON THE ROTARY VALVE MUST 

CONTAIN. THE" 
2040 PRIia "ALTERED BASE AND THE BASE 1 HAT 

FOLLOWS IT IN" 
2050 PRINT " THE SEUUENCE" 

2060 PRINT '^AFTER THIS REACTION JS COHPIEIED 

INPUT 6 HUST" 
2070 PRINT " CONTAIN THE COHPLEfE SET 

OF BASES" 

2100 INPUT "ENTER Y TOLLWED BY RETURN WHEN 



REAoyvt 

2110 IF YS="V" THEN 2120 

2120 XCDH 30FF.40N 

2130 FOR Y=1T050f) 

2140 NEXT Y 

2150 FOR X=ir05 

21G0 XCOH 10FF,20N 

2170 FOR Y-11'0100 

2180 HEXr Y 

2190 XCOH 20FF. ION 

2200 FOR Y^irOlOO 

2210 NEXT Y 

2220 NEXT X 

2230 XCOH 40fF.30N 

2240 FOR Y=ir0500 

2250 NEXT Y 

2260 XCOH 10FF,Z0N 

2270 FOR Y=UD100 

2280 NEXT Y 

2200 PRINT itK."FI.0W"F 
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2300 IF flT(0)<r THEN 2300 
2310 PRINT 3K. "FLOW'O 
2320 IF ELT(0)<H THEN 2320 
2330 PRINT "FLOWF 
2 340 IF El.T(0)<W THEN 2340 
2390 PRINT 

2400 PRINT "MUTATIONAL INSERTION IS COMPLETE 

INPUT 6 MUST" 
2410 PRINT " HAVE THE COHPIETQ SET OF 

BASES" 

2420 INPUT "ENTER Y WHEN READY TO RESUME 

SYNTHESIS"Y3 
2430 IF Y$="Y" THEN 2440 
2440 XCOH 3OFF,40N 
2450 FOR Y=1T0500 
2/150 NEXT Y 
2470 FOR Y=1T05 
2480 XCOH 10FF,20N 
2490 FOR Y=1T0100 
250O NEXT Y 



2510 XC0H.20FF. 10N 

2520 FOR Y=1T0100 

2530 NEXT Y 

2540 NEXT X 

2550 XCOH «J0FF,30N 

2560 FOR Y=1T0500 

2570 NEXT Y 

25S0 XCOM 10FF. 20N 

2590 FOR Y=lT0r00 

2600 NEXT V 

2610 XCOH 20FF. lOH 

2520 FOR Y=ir0100 

2630 NEXT V 

2640 PRINT 5K/'FL0W"F 

2650 IF ELTf0)<T THEN 2650 

2660 PRINT iK/'FL0W*'O 

2670 IF ELT{0)<F IHEN 2670 

2680 PRINF 8K. "FLOW'F 

2690 PRINT " FINISHED" 

2700 END 



5000 PRINT "BELOW ARE THE VARIOUS OPERATIONA 
i PARAHETEfiS" 

5001 PRINT "FL0WRATE=2" 

5002 PRINT "TRAVEL TIHE=. 1" 

5003 PRINT "REACTION TIHE=2" 

5004 PRINT "WASH TIHE-T* 

5005 PRINT "MUTATIONAL REACTION TiHE=2" 

5006 PRINT "COHPLETION REACTI0N=10" 

5010 INPUT "IF YOU WANT TO CHANGE ANY OF 

THEH ENTER Y"Y$ 
5020 IF Y$="Y" THEN 5035 
5030 GOTO 9 
5035 CLEAR 

5040 PRINT "TO CHANGE DEFAULT VALUES ENTER Y 
S RETURN" 

5050 INPUT "00 YOU WANT TO CHAHGE THE FLOW 
RATE (2)"Y$ 

5055 r=2 

5056 T=. 1 

5060 IF YS="y" THEN 5080 
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5070 GOTO 5140 

5080 INPUT "ENTER NEW FLOWRATE'T 

5090 PRINT "THE PRODUCT OF f LOWRA TE * TRAVE L 

TIME HUST EQUAL" 
5100 PftJNT "THE REQUIRED LOADING VOLUME THIS 

WILL AUTOHATICALLy" 
5110 PRINT " ALTERED" 

5120 T=.2/F 

5121 PRINT "THE NEW TRAVEL TIME VALUE IS"; 
PRINT T • 

5140 INPUT "DO YOU WANT TO CHANGE " RE ACT I ON 

TIME (2)"YS 
5145 R=2 

5150 IF V$-"Y" THEN 5170 
5160 GOTO 51S0 

5170 INPUT "ENTER THE NEH REACTION TIHE 
VALUE"R 

5180 INPUT "DO YOU WANT TO CHANGE THE HASH 

TIHE (1)"Y$ 
5190 W=2 
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5200 IF VS = "Y" rilEH 5220 
5210 GOTO 5230 

5220 INPUT "ENIER THE NEW WASH TIHE VAIUF'W 
5230 PRINT "DO YUU WANl TO CHANGE THE HUTATl 

ONAl. REACIION TIHE" 
5240 INPUT " (2)"Y$ 
5250 H=2 

5260 IF y$="Y" THEN 5280 
5270 GOTO 5290 

5280 INPUT "CNIER NEW MUTATIONAL REACTION 
TIHE"H 

5290 PRINT "DO YOU WANT TO CHANGE THE COHPLE 

TIOH REACTION" 
5300 INPUT " T1HE(10)"Y$ 
5310 F-10 

5320 IF 7$ = "^" THEN 53/10 
5330 GOTO 5400 

5340 INPUT "ENTER NEW REACTION COMPLETION 

TIHE"F 
bm PRINT dP."FL0W":F 



5410 PRINT 8P. "TRAVEL T1ME";T 

5420 PRINT ?P, "REACTION TIHE";R 

5430 PRINT IP; "WASH TIHE";W 

5440 PRINT HP. "MUTATIONAL REACTION TIHE"H 

5450 PRINT SP. "COMPLETION REACTION TIHE"F 

5460 GOTO 9 
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